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DIFFERENTIAL TYPE SENSING CIRCUIT differential sensing circuit from the differential data line pair 
WITH DIFFERENTIAL INPUT AND OUTPUT when the logic states of the differential output terminal pair 

TERMINAL PAIR of the differential sensing circuit starts to be different . In this 
way , electric charge on the differential data line pair and the 

CROSS - REFERENCE TO RELATED 5 differential bit line pair could be prevented from being 
APPLICATION dumped . In addition , since the differential sensing circuit 

and the differential data line pair are disconnected , the input 
This application claims the priority benefit of U.S. pro- loading of the differential sensing circuit could be reduced , 

visional application Ser . No. 62 / 659,150 , filed on Apr. 18 , thereby reducing the operation current of the differential 
2018. The entirety of the above - mentioned patent applica- 10 sensing circuit to achieve power saving . 
tion is hereby incorporated by reference herein and made a To make the aforementioned more comprehensible , sev 
part of this specification . eral embodiments accompanied with drawings are described 

in detail as follows . 
BACKGROUND 

BRIEF DESCRIPTION OF THE DRAWINGS 
Technical Field 

The accompanying drawings are included to provide a 
The invention relates to a non - volatile memory circuit . further understanding of the disclosure , and are incorporated 

More particularly , the invention relates to a low power in and constitute a part of this specification . The drawings 
differential type non - volatile memory circuit . 20 illustrate exemplary embodiments of the disclosure and , 

together with the description , serve to explain the principles 
Description of Related Art of the disclosure . 

FIG . 1 is a schematic diagram illustrating a differential 
Generally , a differential bit line pair and a differential data type non - volatile memory circuit according to an embodi 

line pair in the differential type non - volatile memory circuit 25 ment of the invention . 
are typically pre - charged from a ground potential to a FIG . 2 is a schematic diagram illustrating a differential 
predetermined potential before a read operation is performed type non - volatile memory circuit according to another 
on a memory cell of the differential type non - volatile embodiment of the invention . 
memory circuit . Therefore , a current of the memory cell in FIG . 3 is a schematic diagram illustrating a differential 
the differential non - volatile memory circuit could discharge 30 sensing circuit according to an embodiment of the invention . 
a bit line of the differential bit line pair and a data line of the FIG . 4 is a timing diagram of signals for the data read 
differential data line pair to the ground potential during the operation performed by the differential type non - volatile 
read operation . Thereby specific differential input voltages at memory circuit according to an embodiment of the inven 
a differential input terminal pair of a sense amplifier could tion . 
be established , and the differential input voltages could be 35 FIG . 5 is a timing diagram of signals for the data read 
compared by the sense amplifier to determine the data stored operation performed by three differential type non - volatile 
in the memory cell is at logic state “ O ” or “ 1 ” . memory circuits having different reading speeds according 
However , discharging the bit line and the data line from to an embodiment of the invention . 

the predetermined potential to the ground potential , and 
pre - charging again the bit line and the data line from the 40 DESCRIPTION OF THE EMBODIMENTS 
ground potential to the predetermined potential before the 
next read operation , which will increase the power con- Herein , several embodiments of the invention are intro 
sumption of the read operation of the differential type duced to describe the invention ; however the invention is not 
non - volatile memory circuit . limited by the embodiments . Suitable combinations among 

45 the embodiments are also allowed . The term “ coupled to " 
SUMMARY used throughout the embodiments ( including claims ) may 

refer to any direct and indirect connection means . For 
The invention provides a differential type non - volatile example , if a first device is described as being coupled to a 

memory circuit that can effectively reduce the power con- second device in the embodiments , the sentence should be 
sumption of data reading operations . 50 explained as the first device may be connected to the second 
The differential type non - volatile memory circuit of the device directly , or the first device may , through any other 

invention comprises a differential sensing circuit , a differ- device or through certain connection means , be connected to 
ential data line pair , a memory cell array , and a differential the second device indirectly . In addition , the word “ signal ” 
bit line pair . The differential sensing circuit has a differential may refer to at least one current , voltage , electric charge , 
input terminal pair and a differential output terminal pair . 55 temperature , data , electromagnetic wave , or any other signal 
The differential data line pair is electrically connected to the or signals . 
differential input terminal pair of the differential sensing FIG . 1 is a schematic diagram illustrating a differential 
circuit . The memory cell array has at least one differential type non - volatile memory circuit according to an embodi 
non - volatile memory cell configured to store data . The ment of the invention . Referring to FIG . 1 , the differential 
differential bit line pair is electrically connected between the 60 type non - volatile memory circuit 100A includes a differen 
memory cell array and the differential data line pair . When tial sensing circuit 120 , a memory cell array 140 , at least one 
logic states of the differential output terminal pair start to be word line WL < m : 0 » , a differential data line pair , and a 
different in a read operation phase of the memory cell array , differential bit line pair . 
the differential sensing circuit and the differential data line The differential data line pair includes a data line DL and 
pair are disconnected . 65 a complementary data line DLB , and the differential bit line 

Base on the above , the differential type non - volatile pair includes a bit line BL and a complementary bit line 
memory circuit of the invention would disconnects the BLB . The differential sensing circuit 120 has a differential 
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input terminal pair and a differential output terminal pair . the data line DL and the complementary data line DLB to 
The differential input terminal pair includes a first input represent the data stored in the selected differential non 
terminal IT and a complementary second input terminal ITB , volatile memory cell . 
and the differential output terminal pair includes a first For example , the differential sensing circuit 120 may 
output terminal OT and a complementary second output 5 provide a logic low state at the first output terminal OT and 
terminal OTB . The memory cell array 140 has at least one a logic high state at the second output terminal OTB to 
differential non - volatile memory cell configured to store represent the data stored in the selected differential non 
data . Each of the at least one differential non - volatile volatile memory cell is logic 0. Similarly , the differential 
memory cell is coupled to corresponding one of the at least sensing circuit 120 may provide a logic high state at the first 
one word line WL < m : 0 > and a differential bit line pair ( i.e. , 10 output terminal OT and a logic low state at the second output 
the bit line BL and the complementary bit line BLB ) . terminal OTB to represent the data stored in the selected 

differential non - volatile memory cell is logic 1. However , The differential data line pair is electrically connected to the invention is not limited thereto . the differential input terminal pair of the differential sensing When the logic state of the first output terminal OT and circuit 120. In detail , the data line DL is electrically con 15 the logic state of the second output terminal OTB starts to be nected to the first input terminal IT of the differential sensing different in the read operation phase of the memory cell 
circuit 120 , and the complementary data line DLB is elec array 140 , it is indicated that the differential sensing circuit trically connected to the second input terminal ITB of the 120 has sensed the data stored in the differential non - volatile 
differential sensing circuit 120. The differential bit line pair memory cell . In this case , the differential sensing circuit 120 
is electrically connected between the memory cell array 140 20 and the differential data line pair ( i.e. , the data line DL and 
and the differential data line pair . In detail , the bit line BL is the complementary data line DLB ) could be disconnected , 
electrically connected between the memory cell array 140 such that the electric charge on the data line DL ( the bit line 
and the data line DL , and the complementary bit line BLB BL ) and the complementary data line DLB ( the comple 
is electrically connected between the memory cell array 140 mentary bit line BLB ) is prevented from being dumped by 
and the complementary data line DLB . 25 the differential sensing circuit 120 for power saving . In 

In an embodiment of the invention , the memory addition , since the differential sensing circuit 120 and the 
140 could be implemented by an existing differential type differential data line pair are disconnected , the input loading 
non - volatile memory cell array . of the differential sensing circuit 120 could be reduced , 

In an embodiment of the invention , a channel gate switch thereby reducing the operation current of the differential 
SWDB1 may be disposed between the bit line BL and the 30 sensing circuit to achieve power saving . 
data line DL , and a channel gate switch SWDB2 may be FIG . 2 is a schematic diagram illustrating a differential 
disposed between the complementary bit line BLB and the type non - volatile memory circuit according to another 

embodiment of the invention . Referring to FIG . 1 and FIG . complementary data line DLB . By turning on the channel 
gate switches SWDB1 and SWDB2 , an electrical path 35 volatile memory circuit 100B in FIG . 2 is similar to that of 2 together . The architecture of the differential type non 
between the bit line BL and the data line DL can be the differential type non - volatile memory circuit 100A in established , and an electrical path between the complemen FIG . 1 , and the only difference is that the differential type tary bit line BLB and the complementary data line DLB can non - volatile memory circuit 100B further comprises a first 
be established . source line switch SWS1 , a second source line switch 

In an embodiment of the invention , the channel gate 40 SWS2 , and a differential source line pair . The differential 
switches SWDB1 and SWDB2 can be implemented by using source line pair includes a first source line SL and a 
a transmission gate , but the invention is not limited thereto . complementary second source line SLB . A first end of the 

In an embodiment of the invention , the differential sens- first source line switch SWS1 is electrically connected to a 
ing circuit 120 may have a pre - charging circuit , wherein the reference voltage VREF . A first end of the second source line 
pre - charging circuit is coupled to the data line DL and the 45 switch SWS2 is electrically connected to the reference 
complementary data line DLB , and configured to pre - charge voltage VREF . The first source line SL is electrically con 
the bit line BL , the data line DL , the complementary bit line nected between the memory cell array 140 and a second end 
BLB , and the complementary data line DLB , but the inven- of the first source line switch SWS1 . The second source line 
tion is not limited thereto . In another embodiment of the SLB is electrically connected between the memory cell array 
invention , the pre - charging circuit may also be a separate 50 140 and a second end of the second source line switch 
circuit disposed outside of the differential sensing circuit SWS2 . In an embodiment of the invention , the reference 
120 . voltage VREF may be , for example , a ground voltage , but 

Generally , the bit line BL , the data line DL , the comple- the invention is not limited thereto . 
mentary bit line BLB , and the complementary data line DLB The operation of the differential type non - volatile 
would be pre - charged before the data of the memory cell 55 memory circuit 100B in FIG . 2 is similar to the operation of 
array 140 could be read out . Next , in a read operation phase the differential type non - volatile memory circuit 100A in 
of the memory cell array 140 , the electric charge on one of FIG . 1 ; therefore , reference can be made to the above related 
the bit line BL ( data line DL ) and the complementary bit line description of FIG . 1. In addition , in the read operation 
BLB ( complementary data line DLB ) would be discharged phase of the memory cell array 140 , when the logic state of 
based on a cell current which is related to the data ( e.g. , logic 60 the first output terminal OT and the logic state of the second 
1 or logic 0 ) stored in the selected differential non - volatile output terminal OTB starts to be different , it is indicated that 
memory cell , such that a voltage difference is established the differential sensing circuit 120 has sensed the data stored 
between the bit line BL ( data line DL ) and the complemen- in the differential non - volatile memory cell . In this case , the 
tary bit line BLB ( complementary data line DLB ) . The first source lines switch SWS1 and the second source line 
differential sensing circuit 120 could provide different logic 65 switch SWS2 could be turned off . 
states at the first output terminal OT and the second output The differential data line pair ( i.e. , the data line DL and the 
terminal OTB according to the voltage difference between complementary data line DLB ) , the differential bit line pair 
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( i.e. , the bit line BL and the complementary bit line BLB ) , first source line switch SWS1 and the second source line 
and the differential source line pair ( i.e. , the first source line switch SWS2 are in an on state . At this time , the latch circuit 
SL and the second source line SLB ) are floating after the 124 of the differential sensing circuit 120 provides the first 
differential sensing circuit 120 and the differential data line output voltage V01 and the second output voltage VO1B 
pair are disconnected and the first source line switch SWS1 5 with the same logic state to the first output terminal OT and 
and the second source line switch SWS2 are turned off . In the second output terminal OTB , and the voltage of the 
this way , the electric charge on the data line DL ( the bit line differential data line pair , the voltage of the differential bit 
BL ) can be prevented from being dumped to the reference line pair , and the voltage of the differential source line pair 
voltage VREF through the memory cell array 140 and the are at the reference voltage VREF . 
first source line SL . Or , the electric charge on the comple- 10 The details of the data read operation of the differential 
mentary data line DLB ( the complementary bit line BLB ) is type non - volatile memory circuit 100B will be described 
prevented from being dumped to the reference voltage below . Referring to FIG . 2 to FIG . 4 together . FIG . 4 is a 
VREF through the memory cell array 140 and the second timing diagram of signals for the data read operation per 
source line SLB , so that the power saving effect can be formed by the differential type non - volatile memory circuit 
achieved . Therefore , the effect of power saving can be 15 according to an embodiment of the invention . In the fol 
achieved . lowing , it assumes that the data stored in the selected 

It could be understood that after the differential sensing differential non - volatile memory cell corresponding to the 
circuit 120 and the differential data line pair are discon- word line WL < O > is logic 1 , and the data stored in the 
nected and the first source line switch SWS1 and the second selected differential non - volatile memory cell corresponding 
source line switch SWS2 are turned off , the electric charge 20 to the word line WL < b > is logic 0. First , in the pre - charging 
of the data line DL and the bit line BL may be retained on phase t_PRE1 between the time point TO and the time point 
the data line DL and the bit line BL , and the electric charge T1 , the channel gate switches SWDB1 and SWDB2 are in 
of the complementary data line DLB and the complementary an on state , the first source line switch SWS1 and the second 
bit line BLB may be retained on the complementary data line source line switch SWS2 are in an on state , the differential 
DLB and the complementary bit line BLB . In this way , the 25 sensing circuit 120 and the data line DL are electrically 
amount of electric charge that required to be pre - charged for connected ( i.e. , the first switching circuit 121 is in an on 
a pre - charge operation next time could be reduced to achieve state ) , and the differential sensing circuit 120 and the 
the effect of power saving . complementary data line DLB are electrically connected 

FIG . 3 is a schematic diagram illustrating a differential ( i.e. , the second switching circuit 122 is in an on state ) . 
sensing circuit according to an embodiment of the invention . 30 Therefore , the pre - charging circuit ( not shown ) in the dif 
Referring to FIG . 2 and FIG . 3 together . The differential ferential type non - volatile memory circuit 100B would 
sensing circuit 120 includes a first switching circuit 121 , a charge the bit line BL , the data line DL , the complementary 
second switching circuit 122 , a sense amplifier 123 , and a bit line BLB , and the complementary data line DLB from the 
latch circuit 124 , but is not limited thereto . A first end of the reference voltage VREF to the first voltage V1 . In the 
first switching circuit 121 is coupled to the first input 35 pre - charging phase t_PRE1 , since the voltage difference 
terminal IT . A first end of the second switching circuit 122 between the data line DL and the complementary data line 
is coupled to the second input terminal ITB . The sense DLB is smaller than the sensing threshold voltage VT of the 
amplifier 123 is coupled to a second end of the first switch- sense amplifier 123 in the differential sensing circuit 120 , the 
ing circuit 121 and a second end of the second switching latch circuit 124 of the differential sensing circuit 120 is in 
circuit 122. The sense amplifier 123 is configured to amplify 40 a metastable state and outputs the first output voltage VO1 
a voltage difference between the data line DL and the and the second output voltage VO1B which are at the same 
complementary data line DLB to generate a first differential logic state to the first output terminal OT and the second 
signal pair when the first switching circuit 121 and the output terminal OTB . 
second switching circuit 122 are turned on , wherein the first Next , in the read operation phase t_SA1 between the time 
differential signal pair includes a signal Si and a comple- 45 point T1 and the time point T3 , the word line WL < O > is 
mentary signal S1B . The latch circuit 124 is coupled to the enabled , and thus the differential non - volatile memory cell 
sense amplifier 123 to receive and latch the signal Si and the corresponding to the word line WL < O > is selected . Based on 
complementary signal SIB , and respectively provide a first the data stored in the selected differential non - volatile 
output voltage V01 and a second output voltage VO1B to memory cell , which is logic 1 , the cell current of the selected 
the first output terminal OT and the second output terminal 50 differential non - volatile memory cell starts to discharge the 
??? . . bit line BL and the data line DL at the time point T1 , and the 

In an embodiment of the invention , the first switching voltage value of the complementary bit line BLB and the 
circuit 121 and the second switching circuit 122 may be complementary data line DLB are kept at the first voltage 
implemented by a multiplexer , but are not limited thereto . In V1 . Therefore , there is a voltage difference between the bit 
an embodiment of the invention , the sense amplifier 123 55 line BL ( the data line DL ) and the complementary bit line 
could be implemented by an existing sense amplifier , but are BLB ( the complementary data line DLB ) . In the first sub 
not limited thereto . In an embodiment of the invention , the phase t_SA11 from the time point T1 to the time point T2 , 
latch circuit 124 could be implemented by a SR latch , but are the voltage difference between the data line DL and the 
not limited thereto . complementary data line DLB is smaller than the sensing 

The operation details of the differential type non - volatile 60 threshold voltage VT of the sense amplifier 123 in the 
memory circuit 100B in FIG . 2 will be described below in differential sensing circuit 120 , and thus the logic state of the 
conjunction with the differential sensing circuit 120 in FIG . first output terminal OT and the logic state of the second 
3. Referring to FIG . 2 and FIG . 3 together . First , in a standby output terminal OTB remain the same . In addition , the first 
phase after the memory cell array 140 has been powered , the source line switch SWS1 and the second source line switch 
differential sensing circuit 120 and the differential data line 65 SWS2 remain in the on state , the differential sensing circuit 
pair are disconnected ( i.e. , the first switching circuit 121 and 120 and the data line DL remains electrically connected ( i.e. , 
the second switching circuit 122 are in an off state ) , and the the first switching circuit 121 is in the on state ) , and the 
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differential sensing circuit 120 and the complementary data electrically connected ( i.e. , the second switching circuit 122 
line DLB remains electrically connected ( i.e. , the second is in the on state ) . Therefore , the pre - charging circuit ( not 
switching circuit 122 is in the on state ) . shown ) in the differential type non - volatile memory circuit 
At the time point T2 , the voltage difference between the 100B would charge the bit line BL and the data line DL from 

data line DL and the complementary data line DLB is equal 5 the voltage V2 ' to the first voltage V1 , and charge the 
to the sensing threshold voltage VT of the sense amplifier complementary bit line BLB and the complementary data 
123 in the differential sensing circuit 120 , so the latch circuit line DLB from the voltage V1 ' to the first voltage V1 . In the 
124 of the differential sensing circuit 120 enters into a latch pre - charging phase t_PRE2 , since the voltage difference 
state , such that the logic state of the first output terminal OT between the data line DL and the complementary data line 
and the logic state of the second output terminal OTB starts 10 DLB is smaller than the sensing threshold voltage VT of the 
to be different . For example , the first output terminal OT is sense amplifier 123 in the differential sensing circuit 120 , the 
at a logic high state , and the second output terminal OTB is latch circuit 124 of the differential sensing circuit 120 is in 
at a logic low state , but the invention is not limited thereto . the metastable state and outputs the first output voltage VO1 
In the read operation phase t_SA1 of the memory cell array and the second output voltage VO1B which are at the same 
140 , when the logic state of the first output terminal OT and 15 logic state to the first output terminal OT and the second 
the logic state of the second output terminal OTB starts to be output terminal OTB . 
different , it is indicated that the differential sensing circuit Next , in the read operation phase t_SA2 from the time 
120 has sensed the data stored in the differential non - volatile point T11 to the time point T13 , the word line WL < 1 > is 
memory cell . Therefore , in the second sub - phase t_SA12 enabled , and thus the differential non - volatile memory cell 
from the time point T2 to the time point T3 , the differential 20 corresponding to the word line WL < b > is selected . Based on 
sensing circuit 120 and the differential data line pair ( i.e. , the the data stored in the selected differential non - volatile 
data line DL and the complementary data line DLB ) could memory cell , which is logic 0 , the cell current of the selected 
be disconnected ( i.e. , the first switching circuit 121 and the differential non - volatile memory cell starts to discharge the 
second switching circuit 122 are turned off ) , and the first complementary bit line BLB and the complementary data 
source line switch SWS1 and the second source line switch 25 line DLB at the time point T11 , and the voltage on the bit 
SWS2 could be turned off , so as to prevent the electric line BL and the data line DL are kept at the first voltage V1 . 
charge on the data line DL ( the bit line BL ) and the Therefore , there is a voltage difference between the bit line 
complementary data line DLB ( the complementary bit line BL ( the data line DL ) and the complementary bit line BLB 
BLB ) from being dumped . In the second sub - phase t_SA12 , ( the complementary data line DLB ) . In the first sub - phase 
the voltage at the data line DL ( the bit line BL ) is a second 30 t_SA21 from the time point T11 to the time point T12 , the 
voltage V2 , wherein the second voltage V2 is equal to the voltage difference between the data line DL and the comple 
first voltage V1 minus the sensing threshold voltage VT of mentary data line DLB is smaller than the sensing threshold 
the sense amplifier 123 in the differential sensing circuit 120 voltage VT of the sense amplifier 123 in the differential 
( i.e. , V2 = V1 - VT ) . In addition , since the first switching sensing circuit 120 , and thus the logic state of the first output 
circuit 121 and the second switching circuit 122 are turned 35 terminal OT and the logic state of the second output terminal 
off , the input loading of the differential sensing circuit 120 OTB remain the same . In addition , the first source line 
can be reduced , and thus the operating current of the switch SWS1 and the second source line switch SWS2 
differential sensing circuit 120 can also be reduced , thereby remain in the on state , the differential sensing circuit 120 and 
power saving is achieved . Next , in the idle phase t_RIDLE1 the data line DL remains electrically connected ( i.e. , the first 
from the time point T3 to the time point T10 , the first 40 switching circuit 121 is in the on state ) , and the differential 
switching circuit 121 and the second switching circuit 122 sensing circuit 120 and the complementary data line DLB 
are in the off state , the logic state of the first output terminal remains electrically connected ( i.e. , the second switching 
OT and the logic state of the second output terminal OTB circuit 122 is in the on state ) . 
remain different , the first source line switch SWS1 and the At the time point T12 , the voltage difference between the 
second source line switch SWS2 are in the off state , and the 45 data line DL and the complementary data line DLB is equal 
differential data line pair ( i.e. , the data line DL and the to the sensing threshold voltage VT of the sense amplifier 
complementary data line DLB ) , the differential bit line pair 123 in the differential sensing circuit 120 , so the latch circuit 
( i.e. , the bit line BL and the complementary bit line BLB ) 124 of the differential sensing circuit 120 enters into the 
and the differential source line pair ( i.e. , the first source line latch state , such that the logic state of the first output 
SL and the second source line SLB ) are floating . In the idle 50 terminal OT and the logic state of the second output terminal 
phase t_RIDLE1 , due to a tiny current leakage on the data OTB starts to be different . For example , the first output 
line DL and the bit line BL , the voltage V2 ' on the data line terminal OT is at a logic low state , and the second output 
DL and the bit line BL would be between the second voltage terminal OTB is at a logic high state , but the invention is not 
V2 and the reference voltage VREF . Similarly , based on a limited thereto . In the read operation phase t_SA2 of the 
tiny current leakage on the complementary data line DLB 55 memory cell array 140 , when the logic state of the first 
and the complementary bit line BLB , the voltage V1 ' on the output terminal OT and the logic state of the second output 
complementary data line DLB and the complementary bit terminal OTB start to be different , it is indicated that the 
line BLB would be between the first voltage V1 and the differential sensing circuit 120 has sensed the data stored in 
reference voltage VREF . the differential non - volatile memory cell . Therefore , in the 

Next , in the pre - charging phase t_PRE2 from time point 60 second sub - phase t_SA22 from the time point T12 to the 
T10 to the time point T11 , the channel gate switches time point T13 , the differential sensing circuit 120 and the 
SWDB1 and SWDB2 are in the on state , the first source line differential data line pair ( i.e. , the data line DL and the 
switch SWS1 and the second source line switch SWS2 are complementary data line DLB ) could be disconnected ( i.e. , 
in the on state , the differential sensing circuit 120 and the the first switching circuit 121 and the second switching 
data line DL are electrically connected ( i.e. , the first switch- 65 circuit 122 are turned off ) , and the first source line switch 
ing circuit 121 is in the on state ) , and the differential sensing SWS1 and the second source line switch SWS2 could be 
circuit 120 and the complementary data line DLB are turned off , so as to prevent the electric charge on the data line 
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DL ( the bit line BL ) and the complementary data line DLB BLB < 2 > respectively represent the signals of the bit line and 
( the complementary bit line BLB ) from being dumped . In the complementary bit line in a third differential type non 
the second sub - phase t_SA22 , the voltage on the comple- volatile memory circuit , and the signal EN < 2 > represents 
mentary data line DLB ( the complementary bit line BLB ) is the states of the first source line switch , the second source 
at the second voltage V2 , wherein the second voltage V2 is 5 line switch , and the first switching circuit and the second 
equal to the first voltage V1 minus the sensing threshold switching circuit of the differential sensing circuit in the 
voltage VT of the sense amplifier 123 in the differential third differential type non - volatile memory circuit . The 
sensing circuit 120 ( i.e. , V2 = V1 - VT ) . In addition , since the signal EN < 2 > at the logic high level indicates the on state , 
first switching circuit 121 and the second switching circuit and the signal EN < O > at the logic low level indicates the off 
122 are turned off , the input loading of the differential 10 state . 
sensing circuit 120 can be reduced , thus the operating In the pre - charging phase t_PRE from the time point T20 
current of the differential sensing circuit 120 can also be to the time point T21 , the bit lines , the data lines , the 
reduced , so as to achieve power saving . complementary bit lines , and the complementary data lines 

Next , in the idle phase t_RIDLE2 after the time point T13 , of the three differential type non - volatile memory circuits 
the first switching circuit 121 and the second switching 15 are all charged to the first voltage V1 . Then , in the read 
circuit 122 are in the off state , the logic state of the first operation phase t_SA from the time point T21 to the time 
output terminal OT and the logic state of the second output point T25 , the word line WL < O > is enabled . Therefore , in 
terminal OTB remain different , the first source line switch each of the three differential type non - volatile memory 
SWS1 and the second source line switch SWS2 are in the off circuits , a differential non - volatile memory cell correspond 
state , and the differential data line pair ( i.e. , the data line DL 20 ing to the enabled word line WL < O > is selected . The cell 
and the complementary data line DLB ) , the differential bit current of the selected differential non - volatile memory cell 
line pair ( i.e. , the bit line BL and the complementary bit line in each of the differential type non - volatile memory circuits 
BLB ) and the differential source line pair ( i.e. , the first cause the corresponding bit line and the corresponding data 
source line SL and the second source line SLB ) are floating . line starts discharging at the time point T21 , and the voltage 
In the idle phase t_RIDLE2 , due to a tiny current leakage on 25 on the complementary bit line and the complementary data 
the data line DL and the bit line BL , the voltage V1 ' of the line are maintained at the first voltage V1 . 
data line DL and the bit line BL would be between the first It should be noted that , since the cell currents of the 
voltage V1 and the reference voltage VREF . Similarly , due selected differential non - volatile memory cells in the three 
to a tiny current leakage on the complementary data line differential type non - volatile memory circuits would be 
DLB and the complementary bit line BLB , the voltage V2 ' 30 different , the data reading speeds of the three differential 
of the complementary data line DLB and the complementary type non - volatile memory circuits would not be the same . As 
bit line BLB would be between the second voltage V2 and shown in FIG . 5 , the cell current of the selected differential 
the reference voltage VREF . non - volatile memory cell in the first differential type non 

According to the above description , if the differential type volatile memory circuit is larger , i.e. the first differential type 
non - volatile memory circuit 100B continuously performs 35 non - volatile memory circuit is with faster reading speed . 
data read operation , the voltages of the differential data line Therefore , at the time point T22 , the voltage difference 
pair ( i.e. , the data line DL and the complementary data line between the bit line signal BL < O > and the complementary 
DLB ) and the differential bit line pair ( i.e. , the bit line BL bit line signal BLB < O > of the first differential type non 
and the complementary bit line BLB ) in the differential type volatile memory circuit is equal to the sensing threshold 
non - volatile memory circuit 100B swing between the first 40 voltage VT1 of the sense amplifier in the differential sensing 
voltage V1 and the voltage V2 ' , which effectively reduce the circuit in the first differential type non - volatile memory 
amount of the electric charge charged and discharged in the circuit , such that the logic state of the first output terminal 
data read operation for power saving . and the logic state of the second output terminal of the 

Referring to FIG . 5. FIG . 5 is a timing diagram of the data differential sensing circuit in the first differential type non 
read operation performed by three differential type non- 45 volatile memory circuit starts to be different , thereby the first 
volatile memory circuits having different reading speeds switching circuit , the second switching circuit , the first 
according to an embodiment of the invention . As shown in source line switch and the second source line switch in the 
FIG . 5 , the signal BL < O > and the signal BLB < O > respec- first differential type non - volatile memory circuit are turned 
tively represent the signals of the bit line and the comple- off , so as to prevent the electric charge on the data line DL 
mentary bit line in a first differential type non - volatile 50 ( the bit line BL ) and the complementary data line DLB ( the 
memory circuit , and the signal EN < O > represents the states complementary bit line BLB ) in the first differential type 
of the first source line switch , the second - source line switch , non - volatile memory circuit from being dumped . 
and the first switching circuit and the second switching The cell current of the selected differential non - volatile 
circuit of the differential sensing circuit in the first differ- memory cell in the second differential type non - volatile 
ential type non - volatile memory circuit . The signal EN < D > 55 memory circuit is medium , i.e. the second differential type 
at the logic high level indicates the on state , and the signal non - volatile memory circuit is with medium reading speed . 
EN < O > at the logic low level indicates the off state . The Therefore , at a time point T23 after the time point T22 , the 
signal BL < 1 > and the signal BLB < 1 > respectively represent voltage difference between the bit line signal BL < 1 > and the 
the signals of the bit line and the complementary bit line in complementary bit line signal BLB < 1 > of the second dif 
a second differential type non - volatile memory circuit , and 60 ferential type non - volatile memory circuit is equal to the 
the signal EN < b > represents the states of the first source line sensing threshold voltage VT2 of the sense amplifier in the 
switch , the second - source line switch , and the first switching differential sensing circuit in the second differential type 
circuit and the second switching circuit of the differential non - volatile memory circuit , such that the logic state of the 
sensing circuit in the second differential type non - volatile first output terminal and the logic state of the second output 
memory circuit . The signal EN < b > at the logic high level 65 terminal of the differential sensing circuit in the second 
indicates the on state , and the signal EN < 1 > at the logic low differential type non - volatile memory circuit starts to be 
level indicates the off state . The signal BL < 2 > and the signal different , thereby the first switching circuit , the second 
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switching circuit , the first source line switch and the second the disclosure covers modifications and variations provided 
source line switch in the second differential type non- that they fall within the scope of the following claims and 
volatile memory circuit are turned off , so as to prevent the their equivalents . 
electric charge on the data line DL ( the bit line BL ) and the What is claimed is : 
complementary data line DLB ( the complementary bit line 5 1. A differential type non - volatile memory circuit , com 
BLB ) in the second differential type non - volatile memory prising : 
circuit from being dumped . a differential sensing circuit , having a differential input 

The cell current of the selected differential non - volatile terminal pair and a differential output terminal pair ; 
memory cell in the third differential type non - volatile a differential data line pair , electrically connected to the 

differential input terminal pair of the differential sens memory circuit is smaller , i.e. the third differential type ing circuit ; non - volatile memory circuit is with slower reading speed . a memory cell array , having at least one differential Therefore , at the time point T24 after the time point T23 , the non - volatile memory cell configured to store data ; voltage difference between the bit line signal BL < 2 > and the a differential bit line pair , electrically connected between complementary bit line signal BLB < 2 > of the third differ the memory cell array and the differential data line pair ; ential type non - volatile memory circuit is equal to the a first source line switch , connected between a bit line of 
sensing threshold voltage VT3 of the sense amplifier in the the differential bit line pair and a reference voltage , a 
differential sensing circuit in the third differential type first end of the first source line switch is electrically 
non - volatile memory circuit , such that the logic state of the connected to the reference voltage ; and 
first output terminal and the logic state of the second output 20 a second source line switch , connected between another 
terminal of the differential sensing circuit in the third dif- bit line of the differential bit line pair and the reference 
ferential type non - volatile memory circuit starts to be dif- voltage , a first end of the second source line switch is 
ferent , thereby the first switching circuit , the second switch- electrically connected to the reference voltage , wherein 
ing circuit , the first source line switch and the second source the differential bit line pair is pre - charged to a first voltage 
line switch in the third differential type non - volatile memory in a first pre - charging phase , 
circuit are turned off , so as to prevent the electric charge on when logic states of the differential output terminal pair 
the data line DL ( the bit line BL ) and the complementary start to be different in a read operation phase of the 
data line DLB ( the complementary bit line BLB ) in the third memory cell array after the first pre - charging phase of 
differential type non - volatile memory circuit from being the memory cell array , the differential data line pair is 

disconnected from the differential sensing circuit , the dumped . 
first source line switch and the second source line Incidentally , the sensing threshold voltage VT1 , VT2 , and switch are turned off , VT3 may be different , thereby the time points at which the when the first source line switch and the second source first switching circuit , the second switching circuit , the first line switch are turned off , a voltage on the bit line of the source line switch and the second source line switch in the differential bit line pair is equal to a second voltage , the tree differential type non - volatile memory circuits are turned second voltage is equal to the first voltage minus a off may also be affected . sensing threshold voltage of the differential sensing 

It could be understood that , the time point at which the circuit , 
first switching circuit , the second switching circuit , the first the voltage on the bit line of the differential bit line pair 
source line switch , and the second source line switch of each is between the second voltage and the reference voltage 
differential type non - volatile memory circuit are turned off in an idle phase of the memory cell array after the read 
is related to the data reading speed of each differential type operation phase of the memory cell array , and 
non - volatile memory circuit . Therefore , the time point at the voltage on the bit line of the differential bit line pair 
which the first switching circuit , the second switching cir- are pre - charged to the first voltage in a second pre 
cuit , the first source line switch , and the second source line 45 charging phase after the idle phase of the memory cell 
switch of each differential type non - volatile memory circuit array . 
are turned off could be individually controlled to optimize 2. The differential type non - volatile memory circuit as 
the power saving . claimed in claim 1 , further comprising : 

In view of the foregoing , in the embodiments of the a differential source line pair , including a first source line 
invention , when the logic states of the differential output 50 and a second source line , wherein the first source line 
terminal pair of the differential sensing circuit starts to be is electrically connected between the memory cell array 
different , the differential type non - volatile memory circuit and a second end of the first source line switch , and the 
may disconnect the differential sensing circuit from the second source line is electrically connected between the 
differential data line pair and turn off the first source line memory cell array and a second end of the second 
switch and the second source line switch . In this way , 55 source line switch . 
electric charge on the differential data line pair and the 3. The differential type non - volatile memory circuit as 
differential bit line pair could be prevented from being claimed in claim 2 , wherein the differential data line pair , the 
dumped , so as to achieve power saving . In addition , since differential bit line pair , and the differential source line pair 
the differential sensing circuit and the differential data line are floating after the differential sensing circuit and the 
pair are disconnected , the input loading of the differential 60 differential data line pair are disconnected and the first 
sensing circuit could be reduced , thereby the operation source line switch and the second source line switch are 
current of the differential sensing circuit may be reduced , so turned off . 
as to achieve power saving . 4. The differential type non - volatile memory circuit as 

It will be apparent to those skilled in the art that various claimed in claim 2 , wherein the differential sensing circuit 
modifications and variations can be made to the disclosed 65 and the differential data line pair are electrically connected 
embodiments without departing from the scope or spirit of and the first source line switch and the second source line 
the disclosure . In view of the foregoing , it is intended that switch are in an on state in the first pre - charging phase . 
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5. The differential type non - volatile memory circuit as the differential data line pair , the logic states of the differ 
claimed in claim 4 , wherein the differential data line pair is ential output terminal pair are different , the first source line 
pre - charged in the first pre - charging phase to the first switch and the second source line switch are in an off state , 
voltage , and the logic states of the differential output termi- and the differential data line pair , the differential bit line pair 
nal pair are identical . 5 and the differential source line pair are floating . 

6. The differential type non - volatile memory circuit as 12. The differential type non - volatile memory circuit as 
claimed in claim 5 , wherein when the logic states of the claimed in claim 2 , wherein the differential sensing circuit is differential output terminal pair are identical in the read disconnected from the differential data line pair and logic operation phase of the memory cell array , the differential states of the differential output terminal pair are identical in sensing circuit and the differential data line pair are electri- 10 a standby phase of the memory cell array . cally connected , and the first source line switch and the 13. The differential type non - volatile memory circuit as second source line switch are in the on state . 

7. The differential type non - volatile memory circuit as claimed in claim 2 , wherein the first source line switch and 
claimed in claim 5 , wherein when the logic states of the the second source line switch are in an on state and a voltage 
differential output terminal pair are identical in the read 15 on the differential data line pair and a voltage on the 
operation phase of the memory cell array , a data line of the differential bit line pair are at the reference voltage in a 
differential data line pair and the bit line of the differential standby phase of the memory cell array . 
bit line pair are discharged . 14. The differential type non - volatile memory circuit as 

8. The differential type non - volatile memory circuit as claimed in claim 1 , wherein the differential input terminal 
claimed in claim 7 , wherein when a voltage difference 20 pair includes a first input terminal and a second input 
between the differential data line pair is greater than or equal terminal , and the differential output terminal pair includes a 
to the sensing threshold voltage of the differential sensing first output terminal and a second output terminal , wherein 
circuit in the read operation phase of the memory the differential sensing circuit comprises : cell array , 
the differential output terminal pair output different logic a first switching circuit , wherein a first end of the first 

switching circuit is coupled to the first input terminal ; states . 
9. The differential type non - volatile memory circuit as a second switching circuit , wherein a first end of the 

claimed in claim 5 , wherein when the differential sensing second switching circuit is coupled to the second input 
terminal ; circuit and the differential data line pair are disconnected in 

the read operation phase of the memory cell array , a voltage a sense amplifier , coupled to a second end of the first 
on a data line of the differential data line pair is equal to the 30 switching circuit and a second end of the second 
second voltage . switching circuit , and configured to amplify a voltage 

difference of the differential data line pair to generate a 10. The differential type non - volatile memory circuit as 
claimed in claim 9 , wherein the voltage on the data line of first differential signal pair when the first switching 
the differential data line pair is between the second voltage circuit and the second switching circuit are turned on ; 

and and the reference voltage in the idle phase of the memory 35 
cell array after the read operation phase of the memory cell a latch circuit , coupled to the sense amplifier to receive 

and latch the first differential signal pair and provide a array . 
11. The differential type non - volatile memory circuit as first output voltage and a second output voltage to the 

claimed in claim 2 , wherein in the idle phase of the memory first output terminal and the second output terminal 
cell array after the read operation phase of the memory cell 40 respectively . 
array , the differential sensing circuit is disconnected from 

25 


